STUDY QUESTION: Do women with polycystic ovary syndrome (PCOS) have an increased prevalence of moderate and severe depressive and anxiety symptoms compared with control women, and do these symptoms correlate with age, BMI, testosterone, hirsutism or insulin resistance (IR)?
Introduction
Polycystic ovary syndrome (PCOS) is an endocrine disorder affecting between 6 and 10% of reproductive age women (Bozdag et al., 2016) . Characteristic clinical features include irregular menses, clinical or laboratory evidence of elevated androgens and polycystic-appearing ovaries on ultrasound (Rotterdam Consensus, 2004) . Women with PCOS have an increased risk of concurrent cardiovascular risk factors and comorbidities such as insulin resistance (IR), dyslipidemia and diabetes (Behboudi-Gandevani et al., 2016; Zhao et al., 2016) ; however, there is also increasing evidence that women with PCOS have an increased risk of mood and anxiety disorders (Barry et al., 2011b; Dokras et al., 2011 Dokras et al., , 2012 Veltman-Verhulst et al., 2012) . The etiology of this association has not been well established, but potential proposed mechanisms include obesity, IR, elevated androgens, abnormalities in the hypothalamic pituitary axis and increased inflammatory markers (Farrell and Antoni, 2010) .
Previously published meta-analyses in women with PCOS have shown an increase in the prevalence of both depressive and anxiety symptoms in women with PCOS compared with controls; however, these meta-analyses collectively included 10 studies evaluating the prevalence of depressive symptoms (Dokras et al., 2011) and only 4 studies evaluating the prevalence of anxiety symptoms (Dokras et al., 2012) . In addition, these results were based on a single cutoff value on a screening test and therefore do not allow identification of moderate and severe depressive or anxiety symptoms, which require higher cutoffs and subsequent evaluation by a clinical psychologist or psychiatrist. Two other meta-analyses have compared mean depression and anxiety scores between PCOS subjects and controls (Barry et al., 2011b; Veltman-Verhults et al., 2012) . Although they reported higher mean scores in women with PCOS, most of the scores were in the normal or mild range. Data on moderate and severe symptoms for both depression and anxiety are therefore lacking in this population. One study performed sensitivity analyses (Veltman-Verhulst et al., 2012) ; however, they did not examine the use of medications or the impact of location of recruitment of controls compared with PCOS subjects, a significant source of selection bias in observational studies.
The underlying factors that may predispose women with PCOS to an increased risk of depression or anxiety are not clear. Recent publications can provide a larger sample size to examine whether any PCOS-related symptoms or comorbidities, such as obesity, elevated testosterone, hirsutism or IR, are associated with depressive or anxiety symptoms in these women. In addition, few studies have examined the impact of PCOS-related treatments, such as oral contraceptive pills or metformin, on the prevalence of depressive and anxiety symptoms (Cinar et al., 2012; Sirmans et al., 2012; Dokras et al., 2016) . Thus, we performed a meta-analysis (MA) to examine the prevalence of moderate and severe depressive and anxiety symptoms in women with PCOS, with a priori sensitivity analyses. We also performed a separate systematic review (SR) and metaregression to examine the association between depressive or anxiety symptoms and age, BMI, clinical/biochemical hyperandrogenism and IR. This evidence synthesis will allow implementation of appropriate guidelines for routine screening followed by early intervention, and thereby have a favorable impact on the health and financial burden associated with depression and anxiety.
Materials and Methods

Literature search
This review includes the results of four SRs and meta-analyses (Dokras et al., 2011 (Dokras et al., , 2012 Barry et al., 2011b; Veltman-Verhulst et al., 2012) , with literature searches performed up to November 2011. We searched all articles included in these meta-analyses and evaluated them for inclusion in our study. We also performed a new search in a similar manner to these studies from January 2011 to the third week of January 2016. Computerized literature searches for PCOS (MeSH: polycystic ovary syndrome, PCOS, Stein Leventhal Syndrome) and depression/anxiety (MeSH: anxiety, anxiety disorder, depression, depressive disorder, mental disorder, mood disorder) (Supplementary Table SI) were conducted in the following electronic databases: Ovid (MEDLINE and MEDLINE inprocess and other non-indexed citations), EMBASE, PsycINFO and the Cochrane Reviews database. The Cochrane Reviews database did not produce any published reviews of PCOS and anxiety or depression. Retrieval was limited to human studies. We did not apply any restrictions on language. We excluded secondary publications of the same patient populations. Abstracts were considered if they included the necessary information.
Inclusion and exclusion criteria
The articles were searched by L.C and A.D. for inclusion and exclusion criteria.
Criteria for the SR
In our primary SR, we included all articles with cross-sectional comparisons of adult women with PCOS and controls who were screened for depression and/or anxiety using a validated screening tool. PCOS was diagnosed using either the National Institutes of Health (NIH) (Zawadski and Dunaif, 1992) or Rotterdam (Rotterdam Consensus, 2004) criteria. Controls were women who did not have a diagnosis of PCOS, either excluded as part of study protocol or subject self-report. No restrictions were placed on the location of PCOS or control recruitment (community versus clinic). Studies were included if they used a validated screening tool for depressive or anxiety symptoms (Table I) . To reduce heterogeneity, studies that specified recruitment of only adolescents were excluded. In addition, as obesity and age are known to be associated with depression and anxiety (Kessler et al., 2003; Lieb et al., 2005; Simon et al., 2008) , studies that did not report the mean BMI and age of both groups were excluded.
Criteria for the MA For our MA on the prevalence of depression and anxiety symptoms in women with PCOS, articles that reported only mean depression and anxiety scores, and not prevalence, were excluded. In addition, to only include high-quality studies, only studies where diagnosis of PCOS was confirmed by the investigators, rather than self-report, were included. One other study that met inclusion criteria (Davari-Tanha et al., 2014) was excluded after final review as the prevalence of depression, diagnosed by a psychiatrist, in the control group was 87%.
The Meta-Analysis of Observational Studies in Epidemiology guidelines (MOOSE) (Stroup et al., 2000) were applied to this study.
Quality assessment
Studies were assessed for quality using the Newcastle-Ottawa Quality Assessment Scale (NOS) (Wells et al., 2010) with one adaptation. Under our modified scale, one point was awarded in the 'selection of controls' category if the subjects were all recruited from the same location (i.e. both controls and PCOS subjects were recruited from the clinic). This represents a change from the original scale, which awards one point for community controls. This was changed as other meta-analyses on this subject have suggested that recruitment from the same location may be superior to having controls recruited from the community if PCOS subjects are recruited from a hospital clinic (Barry et al., 2011b; Veltman-Verhults et al., 2012) . Studies were categorized into low (0-3 points), medium (4-6 points) and high (7-9 points) quality studies.
Data extraction
The following data were extracted from each paper when possible: diagnostic criteria for PCOS and whether this was confirmed by the study or self-reported by subjects, any characteristics that subjects with PCOS and controls were matched on, comparison of demographic characteristics between groups, location of subject recruitment, total number of subjects, mean age and mean BMI for both groups, screening tool and cutoffs used, study exclusion criteria including current use of hormonal medication or Metformin, non-response rate, origin of study, prevalence of mild/moderate/severe depressive or anxiety symptoms, and mean depression or anxiety scores. If any data were missing, the authors were contacted for additional information.
Data analysis
STATA version 14.1 was used to perform random effects meta-analyses to estimate the pooled odds of elevated depression and anxiety scores in women with PCOS compared with control women without PCOS and to construct forest plots. Because most scales categorize symptom severity into none, mild, moderate or severe, with moderate and severe considered clinically significant, a separate analysis was also performed of studies comparing the odds of moderate and severe depressive or anxiety symptoms. When a psychiatrist diagnosed depression or anxiety, this was put in the 'moderate and severe' category.
Chi-squared tests were used to test the significance of the pooled odds ratio (OR); I 2 tests of heterogeneity were also applied. Publication bias was assessed with visual inspection of the funnel plots.
Sensitivity analysis
Because of the anticipated study heterogeneity, the following sensitivity analyses were planned to assess the robustness of our results: level of NOS quality, criteria used for PCOS diagnosis, studies that matched on BMI, age, marital status or infertility status, whether the groups were comparable in terms of baseline demographic characteristics (income, race, employment, education, marital status, infertility/number of children), tool used for the diagnosis of depression or anxiety symptoms, whether hormonal medications or Metformin were stopped prior to the study, continent of origin, location of PCOS subject recruitment, location of control recruitment, agreement between location of PCOS subject and control recruitment including whether the study specified that controls presented for routine care or an annual exam, whether PCOS was completely excluded in the controls, and whether these studies were included in the prior meta-analyses assessing prevalence of depression or anxiety symptoms (Dokras et al., 2011 (Dokras et al., , 2012 .
Meta-regression
Literature search, inclusion/exclusion criteria and data extraction
For our secondary SR and meta-regression on the association between depressive and anxiety symptoms in women with PCOS and PCOSrelated symptoms or comorbidities, we used the same key words to perform our literature search as above (Supplementary Table S1 ); however, we had additional inclusion and exclusion criteria. We included all articles with cross-sectional comparisons of clinical and laboratory characteristics between women who had both PCOS and concurrent depressive or anxiety symptoms and women with PCOS without depressive or anxiety symptoms. Positive depressive and anxiety symptoms were diagnosed if a subject scored as mild or above in the symptom severity for a validated screening test. The data extracted included the same study characteristics as extracted in the main SR in addition to the following variables: testosterone (mean values: total testosterone, free testosterone (FT) and free androgen index (FAI)), hirsutism (evaluated both as mean Ferriman Galleway (FG) score and prevalence of hirsutism, defined as FG >8; Ferriman and Gallwey, 1961) and IR (mean values: homeostatic model assessment-insulin resistance (HOMA-IR)). These variables were chosen because they each have been shown to have significant associations with depression and/or anxiety in other populations, although the strength and magnitude of these associations are unclear (Holt et al., 2009; Bromberger et al., 2010; Ekback et al., 2013; Kan et al., 2013; Milman et al., 2015; Pasch et al., 2016) . In addition, an elevated testosterone and an elevated FG score are part of the diagnostic criteria of PCOS and are thus measured and reported by most studies. 
Data analysis
The pooled standardized mean difference (SMD) was used to compare the following variables: age, BMI, total testosterone, FT, FG score and HOMA-IR between those with and without depressive or anxiety symptoms. The SMD represents the group difference relative to the pooled variability observed among groups. Statistically, the SMD magnitude is interpreted as 0.20 (small), 0.50 (moderate) and 0.80 (large) (Cohen, 1992) . The SMD was chosen rather than comparing mean values directly because of the heterogeneity in assays used for measurement of each of the laboratory variables. Some studies reported FAI rather than FT; both measures were included together as markers of FT when calculating the SMD. The pooled odds of hirsutism between those with and without depressive/anxiety symptoms were calculated using random effects MA. , 2015) . All 30 reported depressive symptoms and 18 reported anxiety symptoms. In total, there were 3050 subjects with PCOS and 3858 controls from 10 different countries in the depressive symptoms SR and 1910 subjects with PCOS and 1639 controls from 7 different countries in the anxiety symptoms SR.
Results
Search results
Of the 30 studies in the SR, 26 used Rotterdam for PCOS diagnosis and 4 used NIH criteria. There were 17 studies that matched PCOS and control patients on a demographic characteristic, most commonly on age (n = 13) and/or BMI/weight (n = 5). Most studies recruited their PCOS patients from a hospital clinic (n = 20). The mean BMI in the majority of studies was in the overweight range (BMI: 25-29.9 kg/m 2 ) for the PCOS group but in the normal range (18.5-24.9 kg/m 2 ) for the control group. The mean age for both groups in most studies was between 20 and 30 years old. The most common screening tools used were the Beck Depression/Anxiety Inventory (BDI/BAI) and the Hospital Anxiety and Depression Scale (HADS), although two studies used diagnosis by a psychiatrist. There were 17 studies which had some type of medication exclusion, most commonly for subjects who Studies excluded from meta-analysis: 12
• Self report of PCOS diagnosis: 3 • Did not include prevalence of anxiety/depression and unable to obtain from author: 7 • Control depression rates not representative of general population: 1 • Substantial overlapping patient populations: 1 Figure 1 Flow chart of study inclusion in systematic review and meta-analysis. took hormonal medication for at least the prior month. Most studies (n = 24) were of medium quality (Supplementary Table SII) .
Systematic review
Comparisons between the prevalence of depressive and anxiety symptoms and the mean depression/anxiety scores in PCOS subjects versus controls are presented in Supplementary Table SIII. The majority of studies reported significantly higher depressive symptom prevalence and/or scores (25/30) and significantly higher anxiety symptom prevalence and/or scores (16/18) in the PCOS subjects compared with controls.
Meta-analysis
There were 18 studies included in the MA to estimate a pooled association between PCOS and depressive symptoms and 9 studies met the criteria for inclusion in the MA to estimate a pooled association between PCOS and anxiety symptoms. There was only one study in each of the following categories: NIH diagnostic criteria, matched on infertility or matched on marital status; thus, these could not be evaluated in our sensitivity analyses.
Depressive symptoms
The median prevalence of depression in the 18 included studies was 36.6% (IQR: 22.3, 50.0%) in the PCOS group and 14.2% (IQR: 10.7, 22.2%) in the control group. Using a random effects model, the MA showed a significantly increased odds of depressive symptoms in women with PCOS compared with controls (OR: 3.78; 95% CI: 3.03, 4.72) (Fig. 2A) . The 11 studies that reported the prevalence of moderate or severe depressive symptoms showed a 4.18-increased odds in women with PCOS compared with controls (95% CI: 2.68, 6.52) (Fig. 2B) .
There was no substantial heterogeneity among studies in the overall MA (I 2 = 22.4%, P = 0.19). Our pre-specified sensitivity analyses are reported in Table II , test for heterogeneity. *P-value for Chi 2 test for heterogeneity is <0.05. a Included demographic characteristics are income, employment, education, marital status and infertility/number of children. # Among the studies where both PCOS subjects and controls were recruited from the clinic, the reason for control presentation was divided into presenting for routine care/annual exam versus not specified. t P-value is Chi 2 test for subgroup differences.
(95% CI: 1.73, 6.09; four studies) (Fig. 2C ). There were no differences among subgroups when stratified by any of the other methodological characteristics except the analysis on hormonal medication, where studies that stopped hormonal medication ahead of time had higher odds of depressive symptoms (Table II) . Homogeneous effect sizes (tests of heterogeneity with P > 0.05) were achieved in all subgroup analyses, except when studies were not matched on age. All effect sizes within individual subgroups remained statistically significant. When we specifically looked at the location of subject recruitment, the most common site of recruitment for PCOS subjects was from a clinic (N = 12) and for controls, it was from the community (N = 9). To identify whether this was a source of bias, we looked at agreement of recruitment site between PCOS subjects and controls and further examined the reason for presentation to the clinic. Homogeneous effect sizes with I 2 values of 0.0% were achieved in all subgroups where location of subject recruitment was specified by the study. There were no differences among subgroups (P = 0.11).
If we repeated our MA including the four studies that were excluded from our MA because of other study factors (Barnard et al., 2007; Moran et al., 2010; Deeks et al., 2011; Davari-Tanha et al., 2014) , the increased odds of depressive symptoms in women with PCOS remained similar (OR: 3.60; 95% CI: 2.81, 4.62), although the heterogeneity increased (I 2 = 57.1%; P = 0.001).
A funnel plot of the log OR of each study plotted against the standard error of the log OR (with smaller standard error representing larger studies) shows some evidence of publication bias ( Supplementary  Fig. S1A ), as there were fewer published studies that are small and report negative findings.
Anxiety symptoms
The median prevalence of anxiety in the nine included studies was 41.9% (IQR: 13.6, 52.0%) in the PCOS group and 8.5% (IQR: 3.3, 12.0%) in the control group. Using a random effects model, the MA showed a significantly increased odds of anxiety symptoms in women with PCOS compared with controls (OR: 5.62; 95% CI: 3.22, 9.80) (Fig. 3A) . The odds of moderate and severe anxiety symptoms were similarly high in this group (OR: 6.55; 95% CI: 2.87, 14.93; five studies) (Fig. 3B) .
There was substantial heterogeneity among studies in the overall MA (I 2 = 59.6%; P = 0.01); however, this was not explained by any of our sensitivity analyses, as there were no significant differences among subgroups when stratified by methodological characteristics (Table II) .
A C B Figure 3 Results of meta-analysis on anxiety symptoms. Forrest plot comparing odds of anxiety symptoms in women with PCOS compared with controls. (A) Overall odds of anxiety symptoms, random effects; (B) odds of moderate and severe anxiety symptoms and (C) Odds of anxiety symptoms in studies that did and did not match PCOS subjects and controls on BMI.
Studies where PCOS subjects and controls were matched on BMI reported 6.30 increased odds of anxiety symptoms in women with PCOS (95% CI: 1.88, 21.09), although this only included three studies. The majority of subgroup analyses resulted in homogeneous effect sizes (tests of heterogeneity with P > 0.05). When we specifically looked at the location of subject recruitment for the anxiety analysis, the distribution of recruitment was similar to what was seen in the depressive symptom analysis with the clinic being the most common site of PCOS subject recruitment (N = 6) and the community being the most common site of control recruitment (N = 4). When we looked at agreement of subject recruitment between PCOS subjects and controls, the overall number of studies in each subgroup was small, making comparisons of different subgroups less robust. Despite visual differences between the ORs in these subgroups, there was no statistical difference among subgroups (P = 0.30).
Inclusion of the two studies that were excluded from our MA because of other study factors (Moran et al., 2010; Deeks et al., 2011) resulted in a similarly increased odds of anxiety symptoms in women with PCOS (OR: 4.45; 95% CI: 2.91, 6.80, I 2 = 57.8%).
A funnel plot of the studies included in the anxiety MA shows some evidence of publication bias ( Supplementary Fig. S1B ), as there were fewer published studies that are small and report negative findings.
Meta-regression
Supplementary Figure S2 demonstrates the flow chart to identify articles that reported comparisons between women with PCOS with concurrent depressive or anxiety symptoms and women with PCOS without such symptoms. There were 15 studies that reported a least one of the following comparisons: age, BMI, total testosterone, FT/ FAI, FG score, prevalence of hirsutism or HOMA-IR (Hollinrake et al., 2007; Mansson et al., 2008; Soyupek et al., 2008; Bhattacharya and Jha, 2010; Jedel et al., 2010; Cinar et al., 2011; Livadas et al., 2011; Moran et al., 2012; Annagur et al., 2013; Bazarganipour et al., 2013; Rahiminejad et al., 2014; Asik et al., 2015 , Greenwood et al., 2015 Klimczak et al., 2015; Naqvi et al., 2015) . Of these, 14 studies reported depressive symptoms and 6 reported anxiety symptoms (Supplementary Table SIV) .
In the meta-regression evaluating the pooled SMDs (Table III) , women with PCOS and concurrent depression had a higher mean age, BMI, FG score and HOMA-IR than women with PCOS who did not have depression, although the effect sizes were small. In addition, women with depressive symptoms had a 53% increased odds of hirsutism (FG score ≥8) compared with those without depressive symptoms (OR: 1.53; 95% CI: 1.10, 2.12; six studies). There was no substantial heterogeneity in the analysis on hirsutism (I 2 = 1.4%, P = 0.41).
Women with PCOS and concurrent anxiety had a higher mean BMI, FG score and FT/FAI, but not HOMA-IR, than women with PCOS who did not have anxiety. Women with anxiety did not have an increased odds of hirsutism (OR: 1.17; 95% CI: 0.43, 3.17, two studies).
Discussion
Our MA of 18 studies from different regions of the world showed that women with PCOS have over three times the odds of depressive symptoms and over five times the odds of anxiety symptoms than controls, supporting prior research on this topic (Dokras et al., 2011 (Dokras et al., , 2012 Barry et al., 2011b; Veltman-Verhulst et al., 2012) . More importantly, we showed for the first time that this association remained significant when we restricted our analysis to the prevalence of moderate and severe depression and anxiety scores. Our findings suggest a worldwide increased risk of depressive and anxiety symptoms of a significant magnitude in the young PCOS population emphasizing the importance of screening and appropriate follow-up in this population. Obesity, a common morbidity associated with PCOS (ACOG Practice Bulletin No. 108: Polycystic ovary syndrome, 2009), is also associated with an increased risk of depression (Luppino et al., 2010) . Restricting our analysis to the four studies where PCOS and controls subjects (~2000 subjects) were matched on BMI, we report a significantly increased odds of depressive symptoms, suggesting that women with PCOS have an increased prevalence of depressive symptoms independent of BMI. These findings are also supported by three studies that performed logistic regression adjusting for BMI and each found a significantly elevated odds of depressive symptoms in women with PCOS (Hollinrake et al., 2007; Bhattacharya and Jha, 2010; Deeks et al., 2011) .
In our meta-regression, we found that women with PCOS and depressive symptoms had higher mean values of both HOMA-IR and BMI compared with PCOS women without depression. In the general population, meta-analyses have shown associations between depression and IR (18 studies) (Kan et al., 2013) , obesity (15 studies) (Luppino et al., 2010) and diabetes (7 studies) (Mezuk et al., 2008) ; however, most studies are cross-sectional and cannot establish the direction of association. The small magnitude of the differences observed in our meta-regression (SMD for IR: 0.26; BMI: 0.23) suggests that these factors are unlikely to be responsible for the entire relationship between PCOS and depressive symptoms. There is little information on the association between anxiety and IR in the general population. A large MA of 12 studies showed a small, but significant, positive association between diabetes and both anxiety disorders (OR: 1.20; 95%CI: 1.10-1.31) and elevated anxiety symptoms (OR: 1.48; 95% CI: 1.02-1.93); however, the direction of the association could not be assessed (Smith et al., 2013) . In our MA, only three studies evaluated the risk of anxiety in BMI-matched subjects, and in the meta-regression, the magnitude of the difference in mean BMI between anxiety groups was small (SMD: 0.26), making it difficult to draw conclusions about the associations between anxiety and BMI. Further, we found no significant association between anxiety and HOMA-IR.
We also found that women with PCOS and depressive or anxiety symptoms had higher odds of hirsutism and/or increased FG scores. High patient-rated FG scores have been associated with elevated HADS depression and anxiety scores (r = 0.209; P < 0.05 and r = 0.230; P < 0.01, respectively) in women who present to dermatology clinics to discuss hair removal treatments (Ekback et al., 2013) . Another study also showed that patient-rated FG scores, but not clinician-rated FG scores, were significantly associated with the risk of depression, indicating some influence of a patient's perceived level of hirsutism on these results (Pasch et al., 2016) . This distinction could not be evaluated in our meta-regression as only two studies (Jedel et al., 2010; Greenwood et al., 2015) described whether the subject or physician performed FG scoring.
We examined infertility as a potential confounder. Although most studies did not match on infertility status, when PCOS subjects were recruited from general medicine or endocrinology clinics (likely not seeking fertility care), they had increased odds of both depressive (OR: 4.2) and anxiety (OR: 6.9) symptoms. PCOS subjects who were recruited from the community also had increased odds of depressive symptoms (OR: 2.5), again suggesting that this increase may be independent of complaints of infertility. In addition, in our SR, three of the four studies that either recruited all infertile subjects or excluded all infertile subjects showed significantly higher depression and/or anxiety scores in the PCOS group (Adali et al., 2008; Ozenli et al., 2008; Shi et al., 2011; Davari-Tanha et al., 2014) . The prevalence of depression and anxiety in the infertile population has been reported to range between 7-26% and 14-23%, respectively (Chen et al., 2004; Volgsten et al., 2008; Biringer et al., 2015; Gameiro et al., 2016; Sethi et al., 2016) . These numbers appear to be lower than the prevalence in women with PCOS in our MA (median: 36.6 and 41.9%, respectively). Collectively, the results of our sensitivity analyses and review of other studies suggest that infertility likely does not explain the entire relationship between PCOS and an increased risk of depression/anxiety symptoms.
The strengths of our study include the evaluation of a large number of studies from several geographical regions, the ability to analyze the effect of important confounders such as obesity and medication use, and the evaluation of the impact of site of subject recruitment. We performed a separate SR for our meta-regression and thus included a large number of subjects in the meta-regression. Prior meta-analyses had limitations such as inclusion of studies where PCOS was not confirmed (Dokras et al., 2011 (Dokras et al., , 2012 Barry et al., 2011b; VeltmanVerhulst et al., 2012) or studies that included emotional quality of life symptoms in addition to depressive and anxiety symptoms (Barry et al., 2011b; Veltman-Verhulst et al., 2012) . When our strict inclusion criteria were applied and we evaluated the prevalence of depressive and anxiety symptoms rather than mean scores, our MA included twice as many studies meeting these criteria compared with any of the prior publications. Inclusion of many different screening tools, all of which demonstrated an increased risk of depressive and/or anxiety symptoms in women with PCOS, makes our findings generalizable and supports the use of an easy to implement tool (Siu et al., 2016) .
There are many methodological considerations for cross-sectional studies that could lead to a false elevation in the association between PCOS and depressive and anxiety symptoms. Another strength of our study is that we performed numerous sensitivity analyses to evaluate different biases that could affect our association. We specifically assessed the recruitment methods of PCOS subjects and controls to overcome biases introduced by site and type of visit. If PCOS subjects are recruited from a clinical population, whereas controls are recruited from the community, where they are more likely to be healthy, the resulting increase in depressive and anxiety symptoms in those with PCOS could reflect selection bias. In all scenarios for subject recruitment, women with POCS had higher odds of depressive symptoms. Although recruitment from clinical sites showed an increased odds of anxiety symptoms in women with PCOS, there were very few subjects in the community-based studies, limiting our ability to evaluate this comparison.
One limitation of our MA is the large variation in methodological characteristics among the studies in the anxiety analysis. Although we attempted to address this with our sensitivity analyses, the heterogeneity among studies remained high in most subgroups, specifically the analyses on moderate/severe symptom severity and studies that matched on BMI. Individual patient data were not available for a more accurate estimation of risks, control of confounders or evaluation of the association between different PCOS phenotypes and psychiatric symptoms. We were also unable to evaluate other potential factors that might contribute to the development of depressive and anxiety symptoms in women with PCOS, such as higher inflammation or elevated cortisol (Gallinelli et al., 2000; Benson et al., 2009; Farrell and Antoni, 2010) , as there are no studies that have looked at the association between these factors and depression or anxiety in women with PCOS.
Unlike mild anxiety or depression due to a specific occasion, these conditions in a person with anxiety or depressive disorder do not go away and may get worse over time as compared with temporary worry or fear. A psychiatrist made the diagnosis of either depressive disorder or generalized anxiety disorder in only two studies included in our MA (Mansson et al., 2008; Sayyah-Melli et al., 2015) . However, even in this small subgroup analysis, women with PCOS had higher odds of a diagnosis of depression and anxiety compared with controls, supporting our overall findings. There are limited data on the longitudinal follow-up of women with PCOS, and this was not evaluated in our MA. Both a Taiwanese study using a national health insurance database (median follow-up: 5 years) and an Australian study using hospital records (median follow-up: 8 years) showed that women with PCOS, who did not have a psychiatric disorder at baseline, had higher hazards of developing depression and anxiety during follow-up (Hung et al., 2014; Hart and Doherty, 2015) . In addition, a US study showed that women with PCOS had high rates of both persistence of existing depression and development of new depression over 2 years of follow-up (Kerchner et al., 2009) .
Given the high prevalence of depression in the general population and the positive effects of treatment, in 2016 the US Preventative Task Force recommended that all adults be screened for depression (Siu et al., 2016) . Our MA demonstrates a significantly increased risk of moderate and severe depressive and anxiety symptoms in women with PCOS. Further, a large population-based study from Sweden (Cesta et al., 2016) and data from hospital admissions in Western Australia (Hart and Doherty, 2015) confirm that women with PCOS are at an increased risk of depression and anxiety disorders. The Australian PCOS guidelines recommend that women with PCOS be routinely screened for depression and anxiety and assessed by appropriately qualified health professionals (PCOS Australian Alliance, 2015) . Our data support the consideration of implementation of these guidelines to women with PCOS around the world. Future studies should focus on the longitudinal follow-up of women with PCOS and the long-term impact of PCOS-related treatments on depressive and anxiety symptoms in this high-risk population.
